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Abstract: Hollow nanostructures keep attracting intense interest as multifunctional materials, especially
in energy storage and conversion technologies. We introduce a convenient anion exchange method for the
synthesis of metal sulfide nanoboxes (NBs) from Co, Co–Fe, and Ni–Fe Prussian blue (PB) nanocubes
(referred to as Co–PB, Co–Fe–PB, and Ni–Fe–PB NCs) as templates. Analytical characterizations show
that anionic exchange processes between S2– and CN– lead to the formation of metal sulfide nanobox
heterostructures (referred to as Co–S@PB, Co–Fe–S@PB, and Ni–Fe–S@PB NBs). The Co–Fe–S@PB
NBs were characterized in detail with a wide range of analytical techniques, including X-ray photoelectron
spectroscopy (XPS) and X-ray absorption spectroscopy (XAS). Furthermore, postcatalytic XAS and XPS
studies indicated that the in situ formation of Co–Fe oxides/hydroxides during the oxygen evolution
reaction (OER) provided active species of the Co–Fe–S@PB NBs, while Fe(CN)63– did not play a role
in the catalytic activity. Together with their advanced morphology, this resulted in a superior OER
performance of the as-prepared Co–Fe–S@PB NBs in comparison with RuO2 and other standards. Co–
Fe–S@PB NBs excelled through a low overpotential of 286 mV at 10 mA/cm2, a small Tafel slope value
of 37.84 mV dec–1, and high durability over the operational period of 33 h at 10 mA/cm2. Moreover,
we applied our strategy to produce new double-layered (Co, Fe)9S8@MoS2 nanoboxes (referred to as
Co–Fe–Mo–S NBs). The fine-tuned heterostructured nanoboxes are promising for hybrid electrodes due
to their high dual OER and hydrogen evolution reaction (HER) activity throughout the pH range.
DOI: https://doi.org/10.1021/acs.chemmater.9b02933
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Experimental Details and Methods 
Preparation of working electrodes. 3.0 mg of catalysts were dispersed in 300 μL of DI 
water, 300 μL of isopropanol (IPA) and 30 μL of 5 wt% Nafion solution and sonicated for 
2 h to form a homogeneous ink. 3 μL of the catalyst ink were drop-casted onto a glassy 
carbon rotating disk electrode with a diameter of 3 mm (loading amount ~ 0.2 mg/cm2). 
The electrode was then dried at room temperature overnight. 
Electrocatalytic oxygen evolution reaction (OER) and hydrogen evolution 
reaction (HER) measurements. The electrochemical studies were carried out at room 
temperature in 1 M KOH (pH 13.6), 1 M PBS (pH 7.0) and 0.5 M H2SO4 (pH 0.3). A 
standard three-electrode system equipped with a Pt wire for the OER and a graphite rod 
for the HER as the counter electrode, respectively, was used. Given the previous reports 
on Pt leaching phenomena under acidic conditions,1-2 a graphite rod counter electrode 
was used. To the best of our knowledge, however, no such influence has been reported 
for the OER before.3-4 Nevertheless, OER reference measurements of Pt and blank GC as 
working electrodes were performed as shown in Figure S1 below. It is evident that Pt 
showed comparable activity to blank GC, which means that both of them are not active 
for OER in the applied potential window. A Ag/AgCl electrode (3 M KCl) was employed 
as the reference electrode (Metrohm Autolab PGSTAT302N potentiostat). Prior to 
measurements, the working electrode was subjected to at least 10 cyclic voltammetry 
cycles at 100 mV/s to reach a stable state. LSV was carried out at 5.0 mV/s for the 
acquisition of polarization curves. To get rid of the oxygen bubbles, the working electrode 
was continuously rotated at 1600 rpm during the measurements. All the measured 
potentials were converted to RHE using the following equation: E(RHE) = E + E(Ag/AgCl) 
+ 0.059 × pH. All the polarization curves were corrected with 75 % iR-compensation. 
Electrochemical impedance spectroscopy (EIS) measurements were conducted in the 
range of 100 mHz to 10 kHz with 5 mV amplitude. The durability tests were performed at 
constant overpotentials of 290 mV and 215 mV for the OER and HER, respectively. 
Turnover Frequency (TOF) Calculation. The TOF value was calculated from the 
following equation: 
TOF = j × A/(4 × F × n) 
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where j is the current density (A/cm2) at the overpotential of 300 mV, A is the area (cm2) 
of the GCE, F is the Faraday constant with the value of 96485 C mol-1, and n is the number 
of moles of the active metal sites (both Co and Fe) of the catalyst from the total charge 
transfer amounts.  
Faradaic Efficiency (FE) Calculation. The FE value was calculated from the equation5-
6: 
FE = iring /(idisk × N) 
where idisk is the disk current, iring stands for the ring current, and N represents the 
current collection efficiency of the RRDE at about 0.2. The measurements were 
performed using a chronopotentiometric/galvanostatic method at 1600 rpm rotation 
speed. 
  







Figure S2. Schematic illustration of the formation process of Co-Fe-S@PB nanostructures.  
Co-Fe-PB NCs were prepared through a one-step co-precipitation method. The 
sulfidation reaction was performed in a Co-Fe-PB template. As shown in Figure S2, at an 
early stage, the Co-Fe-S layer was first grown on the surface of Co-Fe-PB through an 
anion exchange process between S2- ions from the decomposition of thioacetamide (TAA) 
and CN- from the Fe(CN)63- group. The new formation of a Co-Fe-S layer then hindered 
the inward diffusion of S2- and thus the outward diffusion of Co2+ and Fe3+ from the inner 
core became dominant and led to the formation of a hollow core. After prolonging the 
reaction time, the box-like structures collapsed due to the surface tension and 
mechanical properties, and resulted in broken nanoboxes and some nanoparticles. As a 
major benefit from careful control of this heterogeneous diffusion process, which is 





Figure S3. PPXRD pattern (a) and EDX spectrum (b) of as-prepared Co-Fe-PB NCs. 
 





Figure S5. FESEM images of as-prepared Co-Fe-S@PB NBs at 160 ℃ after different sulfidation times: (a) 0 
h; (b) 2 h; (c) 5 h; (d) 8 h; (e) 10 h; (f) 15 h. 
 
Figure S6. FESEM and TEM images of as-prepared Co-Fe-S@PB NBs at 160 ℃ treated for 10 h with different 





Figure S7. FESEM images of as-prepared Co-Fe-S@PB NBs obtained at different temperatures over 10 h: 
 (a) 120 ℃; (b) 140 ℃; (c) 180 ℃. 
 
Figure S8. FESEM and TEM images of as-prepared Co-Fe-S@PB NBs at 160 ℃ obtained after 10 h with 















Figure S11. EDX spectra of as-prepared Co-Fe-S@PB NBs at 160 ℃ after different sulfidation times: (a) 2 h; 





Figure S12. Atomic ratio of Co/Fe and S/(Co, Fe) for Co-Fe-S@PB samples after different sulfidation times. 
 
 
Figure S13. (a) Fe K-edge XANES of Co-Fe-S@PB after various sulfidation times vs. references; (b) Fe K-





Figure S14. X-ray photoelectron spectroscopy (XPS) survey spectra of Co-Fe-PB NCs, Co-Fe-S@PB NBs, 











Figure S16. LSV curves of Co-Fe-S@PB catalysts obtained after variation of different conditions: (a) 







Figure S17. PPXRD pattern (a) and FESEM images (b) of the reference Co-Fe oxides derived from Co-Fe-
PB NCs.  
The Co-Fe oxides were prepared via direct calcination of Co-Fe-PB NCs in air for 2h. 
According to the PPXRD pattern (Figure S17a), a mixture of Co3O4 and Fe2O3 was 
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obtained. SEM images (Figure S17b) further showed that the Co-Fe oxides retain the 
nanobox morphology with some broken walls. 
 





Figure S19. Cyclic voltammograms (CVs) of Co-Fe-PB NCs (a), Co-Fe-S@PB NBs (b), Co-Fe-S@PB 
particles (c) and Co(OH)2 Sigma (d) loaded on the glassy carbon electrode (GC) measured at different 





Figure S20. Normalized current density (mA/cm2) by ECSA against potential (V vs. RHE) for different 





Figure S21. Chronopotentiometric measurements with an applied current density of 5 and 10 mA/cm2 for: 
(a) Co-Fe-S@PB particles; (b) Co(OH)2 Sigma; (c) RuO2 Sigma; (d) Co-Fe-S@PB NBs (prepared from 




Noteworthy, we could also prepare Co-Fe-S@PB NBs and Co-Fe-S@PB particles using 
isopropanol and DI water, respectively (Figure S8). The results (Figure S21d-e) show that 
the Co-Fe-S@PB NBs (isopropanol) were more stable than Co-Fe-S@PB particles (DI-
water). 
 
Figure S22. FESEM (a) and TEM (b-d) images of as-prepared Co-Fe-S@PB NBs after long-time 
measurements. 
 





Figure S24. SEM images and EDX spectra of as-prepared Ni-Fe-PB NCs and Ni-Fe-S@PB NBs (5 h). 
 
 





Figure S26. (a) LSV curves with scan rate of 5 mV/s of Co-Fe-S@PB NBs (5h), Ni-Fe-S@PB NBs (5h), RuO2 
Sigma and IrO2 Sigma for OER in 1 M KOH (pH 13.6). (b) Tafel plots of Co-Fe-S@PB NBs (5h) and Ni-Fe-
S@PB NBs (5h). (c) Nyquist plots (at an overpotential of 300 mV) for Co-Fe-S@PB NBs (5h) and Ni-Fe-
S@PB NBs (5h). (d) Chronopotentiometric measurements of Co-Fe-S@PB NBs (5h) and Ni-Fe-S@PB NBs 
(5h) at current densities of 10 mA/cm2.   
Ni-Fe-PB NCs and Ni-Fe-S@PB NBs (5 h) were prepared as reference by using the same 
strategy as mentioned in the experimental section (Figure S23-25). The Ni-Fe-PB NCs 
retained their NC morphology after a sulfidation reaction of 5 h, and the amounts of S 
in Ni-Fe-S@PB NBs (5 h) were similar to the Co-Fe-S@PB NBs (5 h). To evaluate their 
practical application potential, electrochemical performance measurements of the as-
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prepared Ni-Fe-S@PB NB anodic materials was performed in 1 M KOH solution at pH 
13.6 (Figure S26). As shown in Figure S26a-c, Ni-Fe-S@PB NBs (5 h) display an increased 
overpotential, higher Tafel slope and high charge transfer resistance compared to Co-
Fe-S@PB NBs (5 h). When tested for long time measurements, Ni-Fe-S@PB NBs (5 h) 
showed a slight degradation compared to Co-Fe-S@PB NBs (5 h). These electrochemical 
measurements indeed confirmed that Co-Fe-S@PB NBs showed the best OER activity 
among the series.  
 
Figure S27. (a) CVs of fresh Co-Fe-S@PB NBs electrodes in 1 M KOH (procedure 1). (b) CVs of Co-Fe-
S@PB NBs electrodes in fresh 1 M KOH (procedure 2). (c) LSVs of Co-Fe-S@PB NBs tests in 1 M KOH 






Supplementary Note on CV Tests 
CV tests were performed as follows: first, the Co-Fe-S@PB NBs (10 h) were loaded on a 
GC electrode and 10 CV scans were measured in 1 M KOH (procedure 1). The Co-Fe-
S@PB NBs (10 h) electrodes were rinsed and 10 scans of CVs were performed in fresh 1 M 
KOH electrolyte (procedure 2). For comparison purposes, the LSVs of blank GC were 
scanned in the electrolyte of procedure 1 and procedure 2, respectively. Finally, ICP-MS 
analyses (Table S4) were performed for the electrolytes of procedures 1 and 2 in order to 
investigate the Co and Fe leaching. ICP-MS results showed no Co leaching in the 
electrolytes of the procedures 1 and 2. However, we observed 84.6 % of Fe leaching from 
the Co-Fe-S@PB NBs in the electrolyte of procedure 1. In contrast, there was no Fe 
leaching detected for procedure 2.  
It is worth mentioning that an ion exchange reaction occurred under alkaline conditions: 
Co3[Fe(CN)6]2 + OH-(aq)                3Co(OH)2 + 2Fe(CN)63- (aq).  
To further verify the leaching process, Co-Fe-PB precursors were treated in 2 M NaOH 
solution, which was chosen as OH- source. SEM images (Figure S28a-b) show that the 
cubic morphology  was retained after the ion exchange process. Furthermore, PXRD and 
EDX spectra (Figure S28c-d) demonstrated that Fe(CN)63- leached from the Co-Fe-PB 
NCs under alkaline conditions, followed by formation of CoOOH. Fe leaching was also 
observed in the Co-Fe-S@NBs (10 h) consisting of Co-Fe-PB and amorphous Co-Fe 
sulfide species in the electrolyte of procedure 1. In particular, when the Co-Fe-S@PB NBs 
(10 h) anodic electrode materials were used in alkaline conditions, Fe(CN)63- leached 
from the Co-Fe-PB. For that reason, unstable CVs were observed in the procedure 1. After 
the working electrodes were rinsed and replaced by fresh KOH (procedure 2), CVs were 
performed and no Fe(CN)63- species were detected from the electrolyte (procedure 2) in 
the system so that the CVs were stable. The aforementioned observations were further 
supported by Raman spectra of Co-Fe-S@PB NBs before and after electrochemical 
performance measurements in 1 M KOH (Figure S29). Two dominant peaks were 
observed at 2105 and 2158 cm-1 for the Co-Fe-S box-like structures, which correspond to 
the cyanide vibration stretching mode v(CN) band.7 After the electrochemical 
performance measurements, the v(CN) band was absent, which  revealed that the 




Figure S28. FESEM and TEM images (a-b), PPXRD patterns (c) and EDX spectra (d) of Co-Fe-PB NCs 
samples after reaction with 2 M NaOH. 
 






Figure S30. Current density of blank Ni foam with different amounts of K3Fe(CN)6 towards OER at 1.6 V 
vs. RHE.  
 
Figure S31. PPXRD patterns (a) and FTIR spectra (b) of as-prepared Co-PB NC precursors obtained after 





Figure S32. EDX spectra of as-prepared Co-PB NCs precursors after different sulfidation durations: (a) 0; 
(b) 10 h; (c) 15 h; (d) 24 h. 
 
Figure S33. FESEM and TEM images of as-prepared Co-PB NCs precursors after different sulfidation 





Figure S34. PPXRD patterns (a) and EDX spectra (b) of Co-PB NCs samples after reaction in 2 M NaOH. 
 
 
Figure S35. XANES of Co-Fe-S@PB NBs before and after electrochemical measurements: (a) Co K-edge 





Figure S36. XPS survey spectrum of Co-Fe-S@PB NBs samples after electrochemical performance.  
Obviously, the N 1s signal in XPS of Co-Fe-S@PB NBs is weak, indicating the leaching of 
Fe(CN)63- after the electrochemical performance, which is in agreement with the results 
from Raman analysis (Figure S29). In the high-resolution XPS spectrum of Co 2p, the 
binding energies at 781.2 eV of Co 2p3/2 and 796.4 eV of Co 2p1/2 with a spin energy of 15.2 
eV are ascribed to the low spin configuration of Co3+. The binding energies of Co2+ 2p 
observed at 782.6 eV and 798.3 eV, respectively, demonstrate the formation of [(Co, 
Fe)Ox, (Co, Fe)(OH)x)] after electrochemical oxidation.8-14 Similar results obtained for 
Fe 2p, namely the binding energies at 712.2 eV and 719.8 eV, are correlated to the Fe3+ 
species in [(Co, Fe)Ox, (Co, Fe)(OH)x)].13 The common phenomenon of the conversion 
of S2- to SO42- after electrochemical measurements was evidenced by the XPS spectrum 
of S 2p.14 The XPS spectra (Figure S36) for the post catalytic materials suggest the 
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formation of metal oxide species, which is consistent with post-catalytic XAS results 
(Figure S35).      
 
Figure S37. EDX spectra (a), HAADF-STEM and STEM-EDX (b), and HR-STEM images (c) of Co-Fe-S@PB 
NBs loaded on Ni foam after long-time measurements (green Co, blue O, red Fe, yellow S).  
No N signal of the post-catalytic samples was detected in EDX spectra, indicating that 
Fe(CN)63- leached from the Co-Fe-S NBs after electrochemical measurements. These 
results are in agreement with the Raman and XAS spectra (Figure S29 and Figure S35). 
STEM-EDX mapping revealed the uniform distribution of Co, Fe, and O, with S signals 
only on the edge sites due to the partial oxidation and leaching of S.10-14 The uniform 
distribution of O is due to the leaching of Fe(CN)63-, the oxidation of metal sulfides, and 
formation of metal oxide species after electrochemical measurements. HR-STEM in 
Figure S37c further confirmed that amorphous metal oxide species were formed after 






Figure S38. TEM images (a), HAADF-STEM and STEM-EDX (b) of Ni-Fe-S@PB NBs after electrochemical 





Figure S39. TEM images (a-b), HAADF-STEM and STEM-EDX (c) of Co-S@PB NBs (24 h) after 
electrochemical measurements (red: Co, yellow: O, blue: S). 
Based on the post-catalytic characterization of Ni-Fe-S@PB NBs (5 h) and Co-S@PBs 
NBs (24 h) shown in Figures S38-39, similar S oxidation and leaching was detected in 
both Ni-Fe-S@PB NBs (5 h) and Co-S@PBs NBs (24 h) samples. The uniform distribution 
of metal and oxygen centers was confirmed by STEM-EDX measurements, which further 
indicated that the real active catalytic species of Ni-Fe-S@PB NBs (5 h) and Co-S@PBs 









Figure S40. Images of electrodes coated with Co-Fe-S@PB NBs (10 h) (diameter: 3 mm) after 
electrochemical measurements.  
An obvious surface change was seen in the coated electrode after electrochemical 
measurements, suggesting that the surface-coated catalysts were transformed to other 
compounds. 
 





Figure S42. (a-c) PPXRD patterns of Co-Fe-Mo-S NBs and MoS2 nanosheets. (d) EDX spectra of Co-Fe-
Mo-S NBs after reaction at 210 oC for 24 h.  
Time-dependent experiments in Figure S42a revealed three main peaks at 7.9°, 11.2° and 
15.8°, which correspond to Co-Fe-PB for reaction times shorter than 20 h. When the 
reaction time was prolonged to 24 h, the peaks of Co-Fe-PB disappeared and the main 
phases were Co9S8 and MoS2 (Figure S42b-c). These results are in agreement with the 
TEM images of Figure 7. The EDX spectra in Figure S42d clearly showed that the samples 
treated for 24 h contained Co, Fe, Mo and S, which indeed demonstrated the presence 




Figure S43. Low-dimensional TEM images of as-prepared Co-Fe-PB NCs after treatment with (NH3)2MoS4 
for different reaction times: (a) 2 h; (b) 12 h; (c) 20 h; (d) 24 h. 
 
Figure S44. Tafel plots of Co-Fe-Mo-S NBs for OER and HER, respectively, in 0.5 M H2SO4, 1 M KOH and  





Figure S45. Electrochemical measurements of Co-Fe-Mo-S NBs loaded on Ni foam (loading mass: 0.2 
mg/cm2): (a) LSV curves with scan rate of 5 mV/s; (b) stability measurements at the overpotential of 215 
mV. 
As shown in Figure S46a, the current density of blank Ni foam was found to be 
approximately 5 times lower compared to the Co-Fe-Mo-S NBs loaded on Ni foam in the 
applied potential window. Applying the same overpotential, which was used for the GC 
electrode, the Co-Fe-Mo-S NBs loaded on Ni foam retained their initial current density 




Figure S46. (a-b) CVs of Co-Fe-Mo-S NBs and MoS2 measured at different scan rates (10, 20, 40, 60, 80 











Table S1. Elemental analysis of Co-Fe-PB NCs, Co-Fe-S@PB NBs (10 h), and Co-Fe-S@PB 
particles (15 h). 
Samples C (mass-%) H 
(mass-%) 
N (mass-%) S (mass-%) 
Co-Fe-PB NCs 17.90 2.55 20.25 - 
Co-Fe-S@PB NBs (10 h) 10.08 1.41 12.48 22.32 
Co-Fe-S@PB Particles (15 h) 5.64 1.98 6.23 28.89 
Table S2. Comparison of OER performance of Co-Fe-S@PB (10 h) and Co-Fe-Mo-S NBs  









Electrolyte Substrate Loading mass 
(mg/cm2) 
Ref. 
Fe0.33Co0.67OOH 266  30 1 M KOH CC 1.0 [13] 
NiFeS particles 286  56.3 0.1 M KOH GC-RDE 0.25 [15] 
FeNiS2 nanosheets 310  46 0.1 M KOH GC-RDE 0.10 [16] 
Hollow 
microspheres NiS 
320  59 1 M KOH GC-RDE 0.7 [17] 
CoFeS nanoplates 290  52.6 1 M KOH GC-RDE 0.55 [18] 
Fe-NiCo2O4 302  42 0.1 MKOH CC 0.25 [19] 
Co0.5Fe0.5S@N-
Carbon 
410  159 1 M KOH GC-RDE 0.8 [20] 
Co0.9S0.58P0.42 
yolk-shell spheres 
266  48 1 M KOH GC-RDE 0.25 [21] 
Co1.7Fe-P  
nanowires 
244  58 1 M KOH GC-RDE 0.424 [22] 
Co3S4@MoS2 280  43 1 M KOH GC-RDE 0.283 [23] 
Co(S0.22Se0.78) 283  66 1 M KOH Ni foam 1 [24] 
Fe3O4/Co9S8/ 
graphene 
340  54.5 0.1 M KOH GC-RDE 0.25 [25] 
N-doped 
Co9S8/Graphene 
280  82.7 1 M KOH GC-RDE 0.2 [26] 
CoS2/N,S-GO 380  75 0.1 M KOH GC-RDE 0.528 [27] 
Co3S4@MoS2 310  59 1 M KOH GC-RDE 0.283 [28] 
Co9S8@MoS2/ 
CNFs 
430  61 1 M KOH GC-RDE 0.212 [29] 
MoS2/Ni3S2 218  88 1 M KOH Ni foam 7 [30] 
NiFe alloy 264  51 1 M KOH Ni foam 4.41 [31] 
NiFe LDH/NF 278  - 1 M NaOH Ni foam - [32] 
NiFe-N-CNT-rGO 270  42 1 M KOH GC 0.38 [33] 
NiFe LDH 280  49.4 1 M KOH GC-RDE 0.16 [34] 
Porous monolayer 
NiFe-LDH 











300  42 1 M KOH Ni foam 1.0 [36] 
CoFeOx 
nanosheets 
308 36.8 1 M KOH GC-RDE 0.36 [37] 
Co-Fe-S@PB NBs 
(10 h) 








Notes: CC is referring to carbon cloth 
Table S3. BET measurements of Co-Fe-PB NCs, Co-Fe-S@PB NBs, and Co-Fe-S@PB 
particles. 
 
Sample Co-Fe-PB NCs Co-Fe-S@PB NBs Co-Fe-S@PB particles 
Specific surface area (m2/g) 33.3 45.0 38.5 
Table S4. ICP-MS results of 1 M KOH (60 mL, fresh, procedure 1 and procedure 2). 
Samples Fe [ng/mL] Co [ng/mL] 
Fresh KOH 0.34 0.15 
Procedure 1: Co-Fe-S@PB NBs  28.91 1.70 
Procedure 2: Co-Fe-S@PB NBs  0.57 0.24 
Table S5. ICP-AES results of Co-Fe-S@PB NBs and Co-Fe-Mo-S NBs. 
Samples Co (mass-%) Fe (mass-%) K (mass-%) S (mass-%) Mo (mass-%) 
Co-Fe-S@PB NBs  20.5 14 3.29 21.7 - 
Co-Fe-Mo-S NBs  23.7 7.8 0.06 14.2 10.3 















MoS2/Ni3S2 110 83 0.5 M H2SO4 Ni foam 7 [30] 
Co(S0.71Se0.29) 122 86 1 M KOH Ni foam 1 [24] 
Co3S4@MoS2 136 74 0.5 M H2SO4 GC-RDE 0.283 [23] 
Co0.9S0.58P0.42 
yolk-shell spheres 
139 69 0.5 M H2SO4 GC-RDE 0.25 [21] 
Ni-Co-P 
nanocubes 
150 60.1 1 M KOH GC-RDE 0.286 [38] 
Ni-Co-MoS2 155 51 1 M KOH GC-RDE 0.286 [39] 
Hollow micro-
spheres of NiS 
174 63 0.5 M H2SO4 GC-RDE 0.7 [17] 
Fe0.07Ni0.91S2 196 58.7 0.5 M H2SO4 GC - [39] 
Co9S8@MoS2/ 
CNFs 
190 110 0.5 M H2SO4 GC-RDE 0.212 [29] 




Co3S4@MoS2 210 88 0.5 M H2SO4 GC-RDE 0.283 [28] 
NiFe-N-CNT-rGO 230 84 1 M KOH GC 0.38 [33] 
CoP NPs 221 87 0.5 M H2SO4 GC 0.35 [41] 
Zn0.76Co0.24S/CoS2 238 164 0.5 M H2SO4 Ti-mesh 1 [42] 
Co9S8 @C 240 - 0.5 M H2SO4 GC-RDE 0.3 [43] 
CoS2 NS/RGO 280 82 0.5 M H2SO4 GC-RDE 0.28 [44] 








0.5 M H2SO4 
1 M KOH 
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